Background: Management of Bennett fractures has been controversial. Early reports supported closed reduction and casting with or without percutaneous pinning. Later, open reduction and internal fixation was advocated. The purpose of this article is to assess the surgical treatment using a direct volar approach. Methods: Between March 2008 and December 2014, 21 patients with intra-articular first metacarpal fractures displaced more than 1 mm were operated on using a direct volar approach. Fixation was done with micro-screws or K-wires, always placed from ulnar to radial during thumb supination. The articular step-off, secondary displacement incidence and consolidation rate time were measured. At final follow-up, we assessed the thumbs for range of motion, residual pain, and grip strength. Sensitive areas around the scar were evaluated. Mean follow-up was 8 months. Results: Anatomical reduction was achieved in all cases. One secondary displacement was registered. The mean distance between the tip of the thumb and the fifth metacarpophalangeal joint was less than 10 mm; reposition was complete. Mean palmar abduction was 63°. Grip strength averaged 84.6% of the opposite side. The mean visual analog scale score was 0. No sensory disturbances around the scar were recorded. Conclusions: The complete visualization of the first metacarpal articular surface is hard to accomplish from the dorsoradial aspect of the hand. The volar approach offers an excellent fracture exposure. It is possible to place the osteosynthesis in ulna-radial fashion from the smaller fragment achieving correct reduction and stabilization. In spite of the proximity to the radial and median nerve branches, we found no complications.
Introduction
Treatment of intra-articular fracture of the base of the first metacarpal has been controversial since Bennett described it in 1882. The injury occurs as a result of an axial load on the partially flexed metacarpal, and it is unstable due to the traction of the abductor pollicis longus muscle on the distal fragment. No consensus has been reached so far regarding the long-term clinical benefits generated by an anatomic reduction of this type of fractures, 4 although articular step-offs exceeding 1 mm seem to be less tolerated. 11 The literature advocates different treatments, namely closed reduction, 2, 12 percutaneous pinning or open reduction and internal fixation often followed by cast immobilization. Percutaneous pinning can join adjacent fragments and/or metacarpals and/or the first metacarpal and the trapezium bone. 15, 17 Open reduction and internal fixation can be carried out by dorsal 17 or volar 9 approach using pins, screws, or tension bands as osteosynthesis. 11, 18 We found only 1 article in the global literature, written by Galnlu and Kanyi, 8 about the use of the volar approach for treating this type of fractures, apart from the original article by Gedda and Moberg, 9 published in 1953. The palmar approach is not usually chosen when these patients are operated on.
The objective of this article is to assess the treatment of fractures of the base of the first metacarpal with articular step-offs exceeding 1 mm (Figure 1 ) using an open volar approach, clearly observing the articular surface of the metacarpal ( Figure 2 ) and placing the osteosynthesis from the ulnar to the radial side.
Materials and Methods
From March 2008 to December 2014, we used a volar approach to operate on 21 patients (19 men and 2 women) with intra-articular fracture of the base the first metacarpal into 2 or 3 fragments, closed and displaced more than 1 mm. Open and comminuted fractures were excluded. Our Institution does not require institutional review board approval.
The average age was 32 years (range, 22-52 years), and the median follow-up time was 8 months (interquartile range 25%-75%, [3] [4] [5] [6] [7] [8] [9] [10] . The average time between trauma and surgery was 6 days. Injuries were divided into occurring at work (13) , doing sports (3), and carrying out daily activities (5). The dominant thumb was affected in 14 cases.
Operative Technique
A 2.5 cm curve skin incision was made between the palmaris longus tendons and the abductor pollicis longus (following the thenar crease at the base of the first metacarpal). We proximally freed the thenar muscles from their origin; and through a volar capsulotomy, we approached the base of the first metacarpal and visualized the whole articular surface. After we got anatomical reduction of the fracture ( Figure 3 ) the thumb was supinated and the osteosynthesis was placed from the ulnar to the radial side. We used pins or screws ( Figure 4 ) depending on the fragment size. Then we sutured the capsule and the thenar muscles were reattached. Patients used a cast during 5 weeks.
The subjective assessment implied the following: completing the visual analog scale (VAS) and the Disabilities of the Arm, Shoulder, and Hand (DASH) questionnaire, searching for paresthesias during the immediate postoperative period and when discharged, performing the Weber test on the thumb pulp, and asking all the patients whether they could resume their daily activities. The objective evaluation of the trapeziometacarpal (TMC) mobility included the following: goniometry of the first interosseous space opening, assessment of flexion and opposition (distance in millimeters from the thumb pulp to the palmar digital crease of the fifth finger), and ability to reposition the thumb (when the patient can lift the thumb off the table while the palm is resting on it).
14 The grip strength was measured using a dynamometer, and we compared it with the contralateral side; in order to exclude the discrepancies between the dominant hand and the nondominant one, we based ourselves on the following premise: the grip force is 6% higher in the dominant hand. 7 In anteroposterior, lateral, and oblique radiographs, we evaluated the number of fragments at the base of the first metacarpal, the percentage of damaged articular surface, and the presence of TMC subluxation; we measured the articular step-off and took into account the fracture consolidation time. 
Results
The median VAS score was 0 (interquartile range 25%-75%, 0-1.5) and the mean QuickDASH was 15 when discharged. We recorded neither dysesthesia nor hyperesthesia in the sensitive areas of the median or radial nerve. Thenar atrophy never occurred. The Weber test did not show any change between the preoperative and the postoperative assessment.
The mean opening of the first web was 63° ± 6°. All patients reached a distance between the thumb and the metacarpophalangeal crease of the fifth ray lower than 10 mm. They could all lift the thumb off the table with the palm of the hand resting on it (reposition). The average grip strength after 8 months was 84% of the contralateral side. Everybody could resume their normal activities (Tables 1 and 2 ).
In the preoperative radiographs, we observed 16 cases with 2 fragments and 5 cases with 3. The percentage of fractured articular surface was higher than 20% in 18 patients and lower in 3. We found TMC subluxation in 19 cases. The average articular step-off was 2.8 ± 1.7 mm (range, 1.5-5 mm) and anatomical restitution was reached in all the cases. The average consolidation time was 6.1 ± 1.7 weeks (range, 4-8 weeks). We recorded a case of secondary displacement, and we performed resection arthroplasty as rescue treatment. In one case, it was necessary to remove a pin using the same approach.
Discussion
Most authors prefer to treat Bennett's fractures with closed reduction and percutaneous pinning 1, 6 In a cadaveric study, Capo et al 5 have proved that the reduction observed in the fluoroscopy during closed operation of these cases is frequently wrong compared with that observed under direct vision.
The degree of accepted articular incongruence has been studied by many authors. Cannon et al 4 suggest that there is no relation between fracture reduction and the presence of pain or posterior osteoarthritis. However, Kjaer-Petersen et al, 11 in their series of 41 patients, concluded that residual step-offs exceeding 1 mm show long-term symptoms in Based on anatomic studies of the palmar cutaneous branch 10, 16 and the thenar branch 13 of the median nerve, we have seen that these structures are beyond the scope of the performed palmar incision, despite their proximity.
The complete visualization of the first metacarpal articular surface is hard to accomplish from the dorsoradial aspect of the hand. The volar approach allows anatomical reduction avoiding residual step-offs ( Figure 5 ). In our series, we did not observe any complications inherent to the surgical approach and we obtained good results. Therefore, we believe that this approach is a feasible option for treating fractures of the base of the first metacarpal with more than 1 mm displacement. A direct volar approach is a reliable and effective procedure for treating intra-articular fractures of the first metacarpal base.
Ethical Approval
Institutional review board approval was not required for this study.
Statement of Human and Animal Rights
All procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1975, as revised in 2008.
Statement of Informed Consent
Informed consent was obtained from all individual participants included in the study.
Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest with respect to the research, authorship, and/or publication of this article.
Funding
The author(s) received no financial support for the research, authorship, and/or publication of this article. Figure 5 . With thumb supination and direct visualization of the articular surface, the screw can be placed from ulnar to radial, making a good grasp of the smaller fragment.
